Background: Reestablishing epithelial integrity and biosynthetic capacity is critically important following tissue damage. The adult Drosophila abdominal epithelium provides an attractive new system to address how postmitotic diploid cells contribute to repair. Results: Puncture wounds to the adult Drosophila epidermis close initially by forming a melanized scab. We found that epithelial cells near the wound site fuse to form a giant syncytium, which sends lamellae under the scab to re-epithelialize the damaged site. Other large cells arise more peripherally by initiating endocycles and becoming polyploid, or by cell fusion. Rac GTPase activity is needed for syncytium formation, while the Hippo signaling effector Yorkie modulates both polyploidization and cell fusion. Large cell formation is functionally important because when both polyploidization and fusion are blocked, wounds do not re-epithelialize. Conclusions: Our observations indicate that cell mass lost upon wounding can be replaced by polyploidization instead of mitotic proliferation. We propose that large cells generated by polyploidization or cell fusion are essential because they are better able than diploid cells to mechanically stabilize wounds, especially those containing permanent acellular structures, such as scar tissue.
Introduction
Drosophila uses multiple mechanisms to heal wounds, including some that appear to have been conserved during evolution [1] . Immediately following a lesion to the larval or adult epidermis, a plug is formed that limits the escape of blood and the entry of microorganisms [2] [3] [4] . The plug matures into a melanin-rich scab due to the crosslinking of oxidized phenols mediated by hemolymph enzymes and blood cells [5] . Subsequently, the wound is closed with a new epithelial layer during a period of hours to days. The powerful genetics and relative simplicity of Drosophila tissues provide exceptional opportunities to better address how tissue repair is coordinated and controlled.
Drosophila epithelial cell behaviors that contribute to wound closure and permanent healing appear well conserved. In embryos, re-epithelialization is driven by an actomyosin cable at the wound edge whose contractions pull the epithelium back together like a purse string [6, 7] . The actin cytoskeleton also plays an important role in repairing injuries to the larval epidermis [8] [9] [10] . Injury triggers release of PDGF and VEGFrelated factor (Pvf) to drive actin-based cell migration [11] , similar to the known role of RTK ligands in mammalian skin repair [12, 13] . There is also conservation in the activation of a transcription factor, Grainy head, which turns on genes involved in cuticle synthesis in flies and stratum corneum synthesis in mammals [14] [15] [16] . The JNK pathway is activated at the wound site and is required for wound healing in both flies and mammals [1] [2] [3] 17] . The Hippo, BMP, and Wnt pathways are also active in some wounded tissues, but their roles remain less clear [1, [18] [19] [20] .
In mammals, lesions often stimulate mitotic cell proliferation to generate new cells that migrate to the wound site and participate in repair [21] . New cells may arise by increasing the activity of stem cells, expanding the number of transit-amplifying divisions, or activating quiescent tissue cells to reenter the cell cycle. Drosophila adults contain active stem cells [22] , and at least in the intestine, both stem cells and downstream daughters increase proliferation in response to tissue damage [23] . Wounding stimulates imaginal disc cells to proliferate and quiescent diploid hindgut cells to reenter the cell cycle [24, 25] . However, the functional significance of induced cell proliferation for healing wounds within quiescent tissues remains unclear.
Here, we show that the adult abdominal epidermis responds to wounding by inducing large cell formation using two distinct mechanisms, polyploidization and cell fusion. Polyploidization replaces lost cell mass, whereas cell fusion provides rapid repair of the epithelium. We propose that large cells help to mechanically stabilize wounds, and their organization around the scar may be required to support this acellular structure.
Results

Adult Abdominal Epithelium Repairs after Injury
Epithelial repair was induced by puncturing the ventral abdominal tissue of adult female flies lateral to the midline with a sharp needle to generate wounds averaging 4,000 mm 2 (Figure 1A) . Like other wounded Drosophila epithelia, the first visible response was the formation of a melanized scab within 6 hr (Figures 1B and 1C ; see also Figure S1A available online). Over the next 2 days, epithelial integrity was restored under the scab, but unlike wounds to the larval epidermis, the scab remained as a permanent scar. We followed the process of epithelial repair in detail using a line expressing GAL4 in adult epidermis (Epithelial-Gal4; see Experimental Procedures) to drive upstream activating sequence (UAS)-tubGFP. The wound severed several lateral muscle fibers that lie directly below the abdominal epithelium, and these never reconnected or regenerated ( Figures 1D and 1E) . Initially, the epithelial sheet retracted from the wound site, after which a complete epithelial sheet gradually reappeared underneath the melanin scab, growing from the periphery toward the center to close the wound by 48 hr (Figures 1C and 1E ). Electron microscopy ( Figure S1 ) revealed only cellular debris below the scab at 1 day postinjury ( Figure S1C ). However, by 2 days postinjury ( Figure S1D ), a complete epithelial sheet was restored below the scar, confirming our observations using GFP-marked epithelial cells. Hemocytes were recruited to the wound site as early as 1 hr after wounding, peaked in number at 24 hr postinjury, and then disappeared by the time of wound closure ( Figure S2 ).
Wounding Induces Local Cell-Cycle Entry
Normally, cells in the adult abdominal wall are quiescent. However, within 24 hr after wounding, epithelial cells, but not other abdominal cell types, reentered the cell cycle as shown by PCNA-GFP expression and EdU incorporation (Figures 2A-2C ). DNA replication continued for another day as judged by PCNA-GFP expression but thereafter was not detectable. Only cells located close to the wound reentered S phase (Figures 2A and 2C ). Up to about 250 nuclei responded, and the number of EdU-positive nuclei correlated strongly with wound area ( Figure 2D ; R 2 = 0.83). Surprisingly, the reactivated cells did not divide. M phase markers, including anti-phosphohistone 3 (PH3), cyclin B (CycB-GFP), and Polo kinase (Polo)-GFP, were not detected at any time point before or after injury ( Figure 2B ). Consistent with these observations, there was no increase in epithelial cell number during wound healing ( Figure 2E ). Within a standard region extending 100 mm around the wound and containing 915 6 12 cells, an average of 233 6 90 epithelial cells were lost immediately upon wounding, and cell number was never restored ( Figure 2E ). Thus, epithelial cells located near the wound reenter S phase at high frequency but do not divide.
Enlarged Cells Form by Cell Fusion and Cell Growth during
Re-epithelialization Since cell division was absent, we investigated whether epithelial cell size or shape changed following wound induction. Epithelial cells were marked using a specific Gal4 line to drive flpout nlsGFP (see Experimental Procedures). Prior to injury, epithelial cell junctions (visualized by fasciclin III [FasIII] staining) were arranged in regular rows ( Figure 3A ; Figure S3 ). Every epithelial cell contained a single nucleus and covered an area of 65 6 20 mm 2 ( Figures 3A and 3C ). After injury, this regular organization was drastically altered in the vicinity of the wound ( Figure 3B ; Figure S3 ).
Wounding caused large epithelial cells to arise by two distinct processes. Epithelial cells began to spread, move toward the wound edge, and fuse as early as 15 hr postinjury. By 48 hr, a giant syncytium containing 87 6 30 nuclei on average encompassed the entire region below the melanin scab ( Figure 3B , dashed yellow line). Multiple smaller syncytia formed at more peripheral locations and contained two to seven nuclei ( Figure 3D , inset). Changes in epithelial organization were complete by 48 hr postwounding, and no further alterations were observed even after one week (168 hr) ( Figure S3 ).
3D reconstruction confirmed that the giant central syncytium extends beneath the melanin-rich scar, which it likely stabilizes and supports (Movie S1). Consistent with this idea, FasIII staining increased along the edges of the syncytium and at the interface with the scar. The nuclei of the central syncytium were highly clustered and were distributed asymmetrically near its outer border along the scar periphery (Figure 3B) . The syncytium may be thicker in these locations and better able to accommodate nuclei, or clustering may serve a mechanical purpose. 
Epithelial Cells Polyploidize in Response to Injury
A second class of enlarged cells also arose near the wound ( Figure 3B , arrowheads). These cells averaged 187 6 56 mm 2 in area, more than twice that of epithelial cells prior to injury, and contained a single large nucleus ( Figures 3C and 4A ), suggesting that they were formed by polyploidization. Measurements of DNA content showed that adult abdominal epithelial nuclei from unwounded animals are diploid ( Figure 4B ). However, by 3 days postinjury, about 50% of the nuclei located within 100 mm of a wound contained an elevated DNA content ( Figures 4A and 4B ). Most were close to 4C, suggesting that they had reentered the cell cycle and completed S phase. About 10% of the nuclei had a DNA content of approximately 8C DNA values, indicating that they had undergone two endocycles. The increased DNA content was stable for at least 7 days postinjury ( Figure 4B ). Thus, wounding induces previously quiescent cells to undergo one or more endocycles.
The magnitude of the polyploidization response suggested that it served to replace the synthetic capacity of the diploid nuclei lost as a result of the wound. Since 233 diploid cells were destroyed on average, they represent a loss of 466 genomes. Our counts indicated that 40% of 688 remaining cells became tetraploid and 10% reached 8C, representing approximately 850 replacement genomes, slightly more than what was lost. Consistent with cell replacement, we found that reinjuring flies multiple times (cells are killed by each wound) enhanced the polyploidization response. Surviving epithelial cells close to the wound edge dramatically increased their DNA content and cell size when the abdomen was reinjured five times at the same site ( Figure 4C ).
DNA content measurements revealed that many of the nuclei within the giant syncytium were also polyploid. The clustered nuclei could only be measured accurately in groups, but the average DNA content of these grouped nuclei fell into ploidy categories like those of single nuclei ( Figure 4B , ''cluster''). This suggested that nuclei with similar DNA content are spatially clustered. Epithelial nuclei may asynchronously enter the endocycle prior to fusion, explaining the heterogeneity in their ploidy values.
Yorkie Controls Cell Fusion and Polyploidization
We next investigated genes that may be involved in the response of adult epithelial cells to wounding. The puckeredlacZ (puc-lacZ) construct serves as a sensitive JNK reporter and, as expected, was activated by wounding [2, 3] . PuclacZ expression was induced at 5 hr postinjury in cells located near the wound ( Figure S4A ) and continued to be expressed for the next 3 days ( Figure S4B ).
Hippo (Hpo) signaling was also induced by wounding, but the magnitude of the increase was modest. We monitored activation of Yorkie (Yki), the transcription factor that mediates Hpo signaling, using two reporters, expanded-lacZ (ex-lacZ) and dIAP-lacZ [26] . Both reporters were detected in the abdominal epithelium before wounding ( Figures S4C and  S4D ). By 48 hr after wounding, both ex-lacZ and dIAP-lacZ expression were further increased 2-to 3-fold after correction for increased nuclear ploidy ( Figure S4D ).
Disrupting yki strongly altered the wound response ( Figures  5A and 5B) despite its relatively modest modulation at the level of target gene expression. When yki was knocked down using two different RNAi constructs ( Figure 5D ; Figures S4E and S4F), both polyploidization and cell fusion were drastically altered ( Figures 5F and 5G ). Whereas more than 80 cells normally incorporate EdU in response to wounding, virtually no such cells were observed after yki knockdown ( Figure 5D ). Knocking down cyclin E (cycE), a known Yki target [26] , also blocked S phase reentry ( Figure 5D ). Overexpressing Hpo in epidermal cells also reduced S phase entry ( Figure 5E ). In cells expressing yki RNAi , only 17% (instead of 50%) showed increased DNA content, and virtually none did when cycE was knocked down ( Figure 5F ). These results indicate that Yki function is important for cell-cycle reentry and polyploidization in response to wounding, probably as a mediator of the Hippo signaling pathway.
Disrupting yki also affected syncytium formation. When yki action was blocked, larger syncytia containing an increased number of cells formed in response to wounding (Figures 5B and 5G), but knocking down yki had no effect on epithelial cells in the absence of wounding ( Figure S4G ). The syncytia distal to the scab were also larger after yki knockdown ( Figure 5B ). Increased syncytial size was not caused by enhanced cell death, since yki RNAi did not affect apoptosis ( Figure S4H ). It did not result from attenuated polyploidization, since knocking down cycE had no effect on cell fusion (Figures 5C and 5G) despite completely eliminating polyploidization ( Figures 5D  and 5F ). Neither yki nor cycE knockdown changed the rate of wound closure ( Figure 5H ). Thus, Yki activity negatively regulates cell fusion independently of its effects on polyploidization.
Large Cell Formation Is Essential for Re-epithelialization
We investigated whether the formation of large cells via polyploidization and/or fusion is functionally important by disrupting them separately and in combination. No functional defects in wound healing were observed in our previous experiments when polyploidization was blocked by disrupting CycE function ( Figure 5 ). We noted that expression of a dominantnegative mutation in the Rac GTPase (RacN17) can block myoblast fusion and muscle development [27] . Consequently, to investigate the role of syncytium formation, we overexpressed RacN17 in the abdominal epithelium to look for effects on the wound response. These flies developed to adulthood and did not show gross defects (data not shown). However, upon injury, epithelial cell fusion was drastically reduced (Figures 6A and 6B) . Only a small central syncytium made up of 10-30 nuclei formed ( Figures 6B and 6E) , and single epithelial cells now moved under the scab and carried out most of the reepithelialization ( Figure 6B ). RacN17-expressing epithelial cells still labeled with EdU postinjury (Figure 6G ), and ploidy measurements indicated that injury-induced polyploidization was similar, except that nearly twice as many 8C nuclei were observed ( Figure 6H ). Strikingly, when syncytium formation was reduced by RacN17 expression, wound closure was significantly slowed, requiring an extra day for completion ( Figure 6F ). Perhaps due the slower action of the single cells, the thickness of the epithelial layer below the scar was increased ( Figure S5 ).
We next investigated whether polyploidization was functionally important when an alternative means of generating large cells, cell fusion, was not available. Both fusion and S phase reentry were reduced simultaneously by expressing either cycE RNAi or E2F RNAi in combination with RacN17 in the abdominal epithelium ( Figures 6C, 6D , and 6G). When both processes of cell enlargement were affected simultaneously, an even larger delay in wound closure was observed than when RacN17 was expressed alone, with 80% of wounds remaining open at 2 days postinjury ( Figure 6F ). The cycE RNAi ;RacN17-expressing flies, which still had some residual EdU incorporation ( Figure 6G ), managed to generate some polyploid cells ( Figure 6C , arrowheads) and closed their wounds by day 3 ( Figure 6F ). In contrast, E2F
RNAi ,RacN17-expressing flies, which completely blocked EdU incorporation ( Figure 6G ), failed to re-epithelialize 67% of their wounds even at 4 days postinjury ( Figure 6D and 6F) . These results show that polyploidization and cell fusion work redundantly to support reepithelialization during the normal wound closure process ( Figure 6I) . Thus, the formation of large cells by one process or the other is necessary for wound healing in the adult epidermis.
The Drosophila Hindgut Also Exhibits Damage-Induced Polyploidization We next examined whether polyploidization in response to tissue damage is a general response by studying a different tissue, the pyloric region of the hindgut. The normally quiescent pylorus, which lacks active stem cells, is known to undergo a cell-cycle response to injury [24] . The tissue was injured by expressing the apoptotic genes hid and rpr driven by a hindgutGal4 driver (byn) for 2 days, followed by a 7-day recovery period (Figure 7A ), a procedure that kills more than half of the pyloric cells [24] . Similar to the abdomen, cell number did not recover following acute injury; however, both pyloric cells ( Figure 7B and 7C) and their nuclei ( Figures 7D and 7E ) appeared larger following the recovery period. Under the conditions used, cell number decreased about 3-fold in the distal pylorus ( Figure 7F ). We measured the nuclear DNA contents of the remaining cells and found that ploidy levels had increased dramatically following damage ( Figure 7G) . Most of the cells were now polyploid, with DNA contents as high as 16C. Thus, enhancing cell size by returning quiescent cells to the endocycle instead of inducing mitotic cell proliferation appears to be a widespread mechanism to compensate for cell loss in Drosophila tissues.
Discussion
Polyploidization of Quiescent Cells in Response to Wounding Replaces Lost Cell Mass
Puncture wounds of the adult epithelium such as those studied here present multiple challenges. Biosynthetic capacity has been reduced by cell loss, the epithelial barrier has been breached, and regional mechanical stability has been compromised by irreversible muscle damage. We found that the epithelium employs two novel processes, polyploidization and cell fusion rather than cell proliferation, to respond to these challenges. shows a diploid nucleus distant from wound, (A 00 ) shows a polyploid nucleus proximal to wound, and (A 000 ) shows a cluster of polyploid nuclei from a giant syncytium. Cell-cell junctions, red (aFasIII); epithelial nuclei, green (flpout nlsGFP; Epithelial-Gal4/UAS-Flp); DNA, blue/white (DAPI). (B) Percentage of nuclei in three ploidy classes at indicated times postinjury in the wound periphery (white and red bars) or cluster averages from the giant syncytium (blue bars) (n = 3 wounds, mean 6 SD; n = 23 clusters, pooled from 3-and 7-day wounds). (C) Reinjury enhances polyploidy. A wound zone prior to injury (left panels; arrowheads = diploid nuclei) and after five wounds to the same site during a 2-week period (right panels; arrowheads = highly polyploid nuclei) is shown. Markers are the same as in (A).
One function of polyploidization is to restore the tissue mass destroyed during wounding. The number of nuclei induced to leave quiescence in the adult abdomen and reenter S phase correlates closely with the wound size ( Figure 2D ). Furthermore, the levels of epithelial polyploidy observed are sufficient to generate approximately the same number of new genomes as were initially lost. More severe cell losses in the abdomen caused by repeated wounding induce higher levels of endoreplication ( Figure 4C ). This correspondence even holds in the case of the severe damage to the hindgut pyloric region. Here, we observed that a region of 300 cells (600 genomes) was reduced to 100 cells following damage, but their ploidy increased sufficiently to restore a total of 550 genomes (Figure 7G) , approximately the starting number. Thus, previously quiescent diploid cells can sense the severity of tissue damage, reenter the cell cycle, and endoreplicate to levels that replace the lost cells.
During development, animals and their component organs are able to precisely control their size [28] . Following injury, as after liver resection, cells proliferate until the normal organ size is again attained. In many tissues, certain cell types complete differentiation while undergoing endocycles [29] ; hence, mechanisms to modulate endocycling as well as cell proliferation in response to tissue size must exist. Indeed, during development, the ploidy level of cells can increase beyond that normally attained to compensate for overall reductions in cell number caused by mutation or damage, both in Drosophila embryos, ovarian follicles, and rectum and in the mammalian liver [30] [31] [32] [33] [34] . Here, we extend the known versatility of endocycle regulation by showing that polyploidization can also be induced in previously differentiated, quiescent diploid cells and then terminated at an appropriate level as a repair response.
Fusion of Quiescent Cells Is Induced By Wounding and Speeds Re-epithelialization
Another striking response to adult epidermal wounding is the generation of a large syncytium by cell fusion. Barrier function is transiently restored by scab formation, after which a continuous epithelium must be regenerated. Our studies suggest that syncytium formation at the site of the scab accelerates this process. When we blocked cell fusion by expressing RacN17, wound re-epithelialization was significantly slowed. Previous studies described cell fusion and syncytium formation at the site of larval epidermal wounds [2] . Larval epidermal cells facilitate wound closure by sending lamellae under the scab using actin treadmilling and myosin II-dependent crawling [8, 9, 11] . The giant syncytia we studied contain five to ten times as many cells as in these larval epidermal wounds but may utilize many of the same processes to speed re-epithelialization.
The giant syncytium may provide several additional advantages. Concentrating most nuclei at the periphery of the scar may allow thin cytoplasmic lamellae to rapidly move under the scab to seal the wound while the cell itself remains firmly fixed at the wound periphery. Individual diploid cells would have to migrate under the scab, a zone that is probably not conducive to organized cellular movement due to the absence of a basement membrane, polarity signals, and supporting muscle. Even after the epithelium is restored, the large syncytial cell may continue to function by stabilizing the scar, a large rigid structure susceptible to motions that could damage the tissue and reopen the wound.
Hippo Signaling and Its Effector Yorkie Regulate Cell Fusion and Polyploidization
How does the injured abdomen induce polyploidization and cell fusion at the appropriate levels and locations? Both JNK and Hippo signaling are upregulated at the wound site, suggesting that these pathways regulate the wound response. Hippo signaling, in conjunction with the TOR and insulin/IGF pathways, plays an important role in organ size control in both mammals and insects [26, 28] . Yki, the major effector of Hippo signaling, is required for the polyploidization response. Hippo signaling in response to wound damage may activate cycE, a gene known to be regulated by Yki in other tissues to stimulate S phase reentry. The modest 2-to 3-fold increase in the Yki-regulated genes expanded and dIAP may reflect the relative mild nature of these wounds, which only caused a 25% reduction in cell number (233 of 913) within the wound region. Thus, Hippo signaling via Yki may specify how much polyploidization ensues in response to the magnitude of the wound as well as its spatial location.
In order to fulfill this role, Hippo signaling would have to be activated locally within the tissue in proportion to the magnitude of the damage. Changes in cell polarity, actin cytoskeletal dynamics, and cell density can all induce the expression of Yki-regulated genes [26, 35] . In addition, other signals may play Hippo-independent roles in controlling abdominal wound repair. Hemocytes are known to be recruited to the wound site to help clear debris and microorganisms [36] . We found that hemocytes are also recruited to adult abdominal wounds and are present at the 24 hr time point, when cells are both undergoing cell fusion and reentering S phase ( Figure S2 ). This suggests that blood cells could liberate factors that facilitate either of these wound-healing processes. Another possibility is DNA damage from genotoxic stress, such as that produced from reactive oxygen species (ROS). ROS are known to be released after injury to many tissues [37] , and these products can also induce the endocycle in plant cells [38] . The syncytial and polyploid cells induced by wounding might themselves send both local and long-range signals that participate in sensing when organ size and stability have been restored.
Production of Large Cells by Fusion or Polyploidization Is Required for Wound Healing
Our experiments provided insight into the distinct and overlapping roles of polyploidy and cell fusion in the healing process. Polyploidization appears to be solely responsible for replacing the lost cells and restoring the tissue back to its initial mass. However, the 25% reduction in synthetic capacity generated by the wounds studied here is probably too small to register in our assays when polyploidization alone is blocked. A 25% reduction in the time required for re-epithelialization or in the thickness of the lamella under the scar would not have been detected. Despite this, we detected a distinct function for polyploidization by analyzing its role in conjunction with that of cell fusion.
Blocking cell fusion clearly perturbs wound healing, as an extra day is now required to complete wound closure but healing is not prevented. In the absence of fusion, polyploidization still takes place ( Figure 6I, left) . Indeed, the level of ploidy is slightly increased under these conditions ( Figure 6H ). However, when polyploid cells cannot form and cell fusion is also blocked, wounds usually fail to heal ( Figure 6I, right) . Thus, polyploid cells, which are located near the edge of the scab and extend several cell diameters away, contribute something critically important to wound repair in addition to restoring cell mass, but this function is redundant when cell fusion can operate. (F) Cell number does not recover in the adult pylorus 7 days after acute damage (control: n = 6, mean 6 SD; 7d: n = 12, mean 6 SD). (G) Measurements of nuclear ploidy in the adult pylorus (n = 3, mean 6 SD). Scale bars represent 25 mm (white) and 12.5 mm (red).
Generating Large Cells May Help Mechanically Stabilize Wounds, Especially Those with Scar Tissue
We propose that large cells, whether syncytial or polyploid in origin, provide a unique mechanical function that helps organize and control the healing process, and that cannot be provided by surviving diploid cells. The large size of either type of cell allows more robust cytoskeletal structures to form and function than is possible in diploid cells. This is likely the reason that muscle cells fuse into large syncytia prior to organizing myofibrils. However, other large cytoplasmic mechanical structures are present and function in many other types of polyploid cells that are less familiar. For example, megakaryocytes, which extrude segments of their cytoplasm as platelets, contain long branching b1-tubulin-based processes that are required for platelet release [39] . Polyploid jump reflex neurons in Drosophila produce exceptionally long and thick axons that allow signals to be transmitted with great speed [40] . Trophoblast giant cells accumulate stress fibers and specialized podosomes, which may structurally support placenta development [41, 42] .
Mechanical tension is already known to play a critical role in mammalian epithelial wound healing [43] . Cells tend to migrate toward regions of higher ECM rigidity (''durotaxis'') [44] . Large cells may be necessary at the wound site to generate an appropriate mechanical environment for migrating cells to complete their movements under the scar and close the wound. In the abdomen, the transverse muscle bands that normally span the abdomen did not undergo repair. Large cells may also be particularly advantageous for dealing with mechanical stability issues that require balancing forces over a substantial area due to the size of the damaged region and the presence of altered structures such as scar tissue. The central syncytium may be advantageous not only in rapidly closing the wound but also because a large cell can better stabilize the scar and prevents it from breaking loose. The enlarged peripheral cells, whether polyploid or syncytial, may more easily generate stabilizing forces to protect the wounded region during the normal flexure and stress on the abdomen.
These same considerations would apply equally to mammalian as well as Drosophila tissue. In many damaged mammalian tissues, extracellular matrix deposits of fibrin and collagen initially form a fibrin clot/scab to hold edges of the wound together, but collagen protein deposits can persist in a lasting mark at the injury site in the form of a scar [45] . In tissues where cell proliferation is limited, such as the heart, scar formation is necessary to maintain tissue integrity but also leads to stiffness and reduced heart function [46] . Polyploidization may frequently take place in response to mammalian tissue damage that repairs imperfectly and leaves scar tissue, such as in the heart, but this has received little attention. Cardiomyocytes reenter the cell cycle after injury, leading to a low level of cell division as well as polyploidy and multinucleation at the scar periphery [47, 48] . Consequently, the establishment of a model system for studying the control of polyploidization and syncytium formation in response to wounding is likely to provide insight to questions of wide significance.
Experimental Procedures
Fly Strains Drosophila melanogaster strains used in this study were reared on standard cornmeal agar yeast food at 25 C unless otherwise noted. Epithelial-GAL4 (R51F10-Gal4) was identified in a screen of the Janelia Farm Research Campus collection [49] . Epithelial nuclei were labeled with high specificity by combining Epithelial-GAL4 with flpout nlsGFP [Ubi-p63E(FRT.STOP) Stinger9F6] and UAS-Flp [50] . Other fly strains used in this study are described in Supplemental Experimental Procedures, along with the remaining experimental procedures.
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